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bstract

The antimicrobial resistance of Arcobacter (n = 174) and Campylobacter (n = 215) isolated from broiler carcasses in a US poultry processing
lant was examined. For Arcobacter, 93.7% (n = 163) were resistant to one or more antimicrobials and 71.8% (n = 125) were resistant to two
r more antimicrobials. For Campylobacter, 99.5% (n = 214) were resistant to one or more antimicrobials and 28.4% (n = 61) were resistant
o two or more antimicrobials. Arcobacter butzleri isolates were particularly resistant to clindamycin (90%; n = 126), azithromycin (81.4%;

= 114) and nalidixic acid (23.6%; n = 33). Resistance to tetracycline was very high in Campylobacter jejuni (99.5%) and Campylobacter
oli (96.3%). Our results demonstrate substantial resistance in Arcobacter and Campylobacter to common antimicrobial agents.
ublished by Elsevier B.V. on behalf of International Society of Chemotherapy.
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. Introduction

Arcobacters, previously classified as aerotolerant Campy-
obacter, are Gram-negative, non-spore-forming, micro-
erophilic or helical cells that are motile by means of polar
agella and exhibit a corkscrew movement [1]. Arcobacter
utzleri is regarded as the primary human pathogen; Arcobac-
er cryaerophilus (subgroups 1A and 1B) is associated with
uman diarrhoeal illness and bacteraemia and with reproduc-
ion abnormalities in farm animals [2]. Arcobacter skirrowii
as been reported in farm animals and on broiler carcasses.

owever, the pathogenic role of Arcobacter in human disease

s still unclear.

� Note: The mention of trade names or commercial products in this
anuscript is solely for the purpose of providing specific information and

oes not imply recommendation or endorsement by the US Department of
griculture.
∗ Corresponding author. Tel.: +1 706 546 3066; fax: +1 706 546 3066.

E-mail address: menglen@ars.usda.gov (M.D. Englen).
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Infection with Campylobacter is recognised as a lead-
ng cause of human enteritis worldwide, and Campylobacter
ejuni and Campylobacter coli are most often associated
ith human infections [3]. Most patients with Campylobac-

er infections have a self-limited illness and do not require
ntimicrobial drugs except in cases with severe or prolonged
ymptoms or in immunocompromised patients [4]. When
ntimicrobial drugs are recommended for treatment, ery-
hromycin or a fluoroquinolone such as ciprofloxacin are
requently the drugs of choice. However, the use of antimicro-
ial agents in food animals has resulted in the emergence and
issemination of antimicrobial-resistant bacteria, including
ntimicrobial-resistant Campylobacter [5].

Among foods of animal origin, the occurrence of Campy-
obacter is much higher in poultry than in pork or beef [6].
rcobacter butzleri has also often been identified on poul-
ry products [2]. Many reports of antimicrobial resistance in
ampylobacter isolated from poultry and other food animal

ources have been published [5]. However, reports on antimi-
robial resistance patterns in Arcobacter spp. isolated from

al Society of Chemotherapy.
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oultry are lacking. Furthermore, there are no internationally
ccepted criteria for breakpoints and susceptibility testing
or Arcobacter and Campylobacter, and validated reference
trains for quality control have not been established.

In this study, the antimicrobial resistance patterns of
rcobacter and Campylobacter isolated from broiler car-
asses during processing were determined using a broth
icrodilution test method and the results were compared.

. Materials and methods

.1. Sample collection and isolation of Arcobacter and
ampylobacter

Broiler carcasses were collected on five visits to a commer-
ial poultry-processing plant between August and October
004 as previously reported [7] from three sites along the
rocessing line: pre-scalding, pre-chilling and post-chilling.
total of 125 pre-scald carcass samples, 75 pre-chill samples

nd 125 post-chill samples were collected. Bacterial isolation
as begun within 1 h of sample collection.
Both direct plating and sample enrichment methods

ere used for Arcobacter and Campylobacter isolation [7].
resumptive identification was performed by microscopic
xamination of wet mounts of colonies using phase contrast
ptics. Isolates were stored at –70 ◦C.

.2. Identification of Arcobacter and Campylobacter
pecies

A modified multiplex polymerase chain reaction (PCR)
or Arcobacter [8] was used for species identification, as
escribed previously [7]. Reference strains of Arcobacter,
ncluding A. butzleri (ATCC 49616), A. cryaerophilius 1A
ATCC 43158), A. cryaerophilus 1B (ATCC 49615) and A.
kirrowii (ATCC 51132), were used as controls. Reference
trains and all presumptive Arcobacter isolates were cul-
ured on Brucella agar (Hardy Diagnostics, Santa Maria,
A) supplemented with 5% (v/v) lysed horse blood (Lampire
iological, Pipersville, PA) at 25 ◦C for 48 h under ambient
tmosphere.

Identification of C. coli and C. jejuni was determined using
he BAX® PCR assay (Dupont Qualicon, Wilmington, DE)
s described previously [9]. Reference strains for Campy-
obacter included C. coli (ATCC 33559) and C. jejuni (ATCC
3560).

.3. Antimicrobial susceptibility testing

Susceptibility testing of Arcobacter and Campylobacter
solates was conducted using the protocol established for

he U.S. National Antimicrobial Resistance Monitoring Sys-
em (NARMS) for Enteric Bacteria. The custom-designed
ampylobacter panel, providing serial dilutions of each
ntimicrobial, and a Sensititre® semiautomated system

c
i
p
t
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TREK Diagnostic Systems Inc., Cleveland, OH) were used
ccording to manufacturer’s directions both for Arcobacter
nd Campylobacter. The frozen bacterial strains were sub-
ultured on Brucella agar supplemented with 5% (v/v) lysed
orse blood. Arcobacter strains were incubated for 48 h at
5 ◦C aerobically and Campylobacter strains were incubated
icroaerobically for 48 h at 42 ◦C. Colonies of Arcobac-

er and Campylobacter were suspended in Mueller–Hinton
roth (TREK Diagnostic Systems Inc.) until the turbidity of
he suspensions was adjusted to match that of a 0.5 McFar-
and standard. One hundred microlitres of the 0.5 McFarland
uspension were transferred into 11 mL of Mueller–Hinton
roth containing laked horse blood (TREK Diagnostic Sys-
ems Inc.), which was then used to inoculate the 96-well
anel to give a final concentration of 105 colony-forming
nits/mL. Campylobacter panels included a control well
ith no antimicrobial drug. All panels were incubated in

naerobe jars containing 5% O2, 10% CO2 and 85% N2 at
7 ◦C. The incubation time was 72 h for Arcobacter strains
nd 48 h for Campylobacter strains. Quality control ATCC
trains C. jejuni 33560 and A. butzleri 49616 were tested to
onfirm susceptibility to all the antimicrobials at each test-
ng. The minimum inhibitory concentration (MIC) for each
ntimicrobial was read as the first panel well in which no
rowth was visible. The antimicrobials tested and the resis-
ance breakpoints (MICs) were: azithromycin, ≥2 �g/mL;
iprofloxacin, ≥4 �g/mL; clindamycin, ≥4 �g/mL; ery-
hromycin, ≥32 �g/mL; gentamicin, ≥16 �g/mL; nalidixic
cid, ≥32 �g/mL; and tetracycline, ≥16 �g/mL. The MICs of
rythromycin, ciprofloxacin and tetracycline were classified
s susceptible or resistant according to guidelines published
y the Clinical and Laboratory Standards Institute for broth
icrodilution susceptibility testing. The MICs for the resis-

ance breakpoints of the other antimicrobials were those used
y NARMS as reported in the US Centers for Disease Control
ARMS 2003 Annual Report (http://www.cdc.gov/narms/
nnual/2003/NARMS2003AnnualReport.pdf).

.4. Data analysis

Differences in resistance to antimicrobials by species were
nalysed using the Wald χ2 test by logistic regression model
n the SAS statistical program (SAS Institute, Cary, NC). Dif-
erences were considered statistically significant at P ≤ 0.05.

. Results

.1. Antimicrobial resistance

Most of the 174 Arcobacter isolates (93.7%; n = 163)
ere resistant to one or more antimicrobial agents. The per-
entages by species of Arcobacter isolates resistant to the
ndividual antimicrobials are shown in Table 1. The highest
revalence of resistance among all Arcobacter isolates was
o clindamycin (88.5%; n = 154), followed by azithromycin

http://www.cdc.gov/narms/annual/2003/NARMS2003AnnualReport.pdf
http://www.cdc.gov/narms/annual/2003/NARMS2003AnnualReport.pdf
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69.5%; n = 121) and nalidixic acid (20.7%; n = 36). The
ercentage of Arcobacter isolates resistant to ciprofloxacin
nd erythromycin was very low, and all Arcobacter isolates
ere susceptible to gentamicin and tetracycline. Resistance

n the A. butzleri group to azithromycin was much higher
han in the A. cryaerophilus 1B group (81.4% versus 13.3%),
hilst resistance to nalidixic acid in the A. butzleri group
as not significantly different from the A. cryaerophilus 1B

trains (23.6% versus 10.0%). Resistance to erythromycin
as observed only in A. butzleri at a low level (4.3%). Resis-

ance to ciprofloxacin was only found in one A. cryaerophilus
B strain (Table 1). The site of isolate collection (pre-scald,
re-chill and post-chill) did not affect the observed antimi-
robial resistance patterns (data not shown).

For Campylobacter, 99.5% (n = 214) of the 215 Campy-
obacter isolates were resistant to one or more antimicrobial
gent. The percentages by species of Campylobacter isolates
esistant to the individual antimicrobials are shown in Table 1.
etracycline resistance was the highest at 99.1% (n = 213)
or all Campylobacter isolates. The next most common resis-
ance was to ciprofloxacin and nalidixic acid (27.0%; n = 58).
he percentages of resistance among the C. jejuni isolates to
iprofloxacin and nalidixic acid were more than eight times
igher compared with the C. coli group (30.3% versus 3.7%
or both antimicrobials). However, resistance to tetracycline
or C. jejuni and C. coli was not significantly different (99.5%
ersus 96.3%). Resistance to clindamycin was found only
n C. jejuni (1.6%; n = 3). All Campylobacter strains were
usceptible to azithromycin, erythromycin and gentamicin
Table 1).

.2. Multiple resistances

Of the 174 Arcobacter isolates tested, 71.8% (n = 125)
ere resistant to two or more antimicrobials. A significantly
igher percentage of the A. butzleri (82.9%; 116/140) and
. cryaerophilus 1A strains (75%; 3/4) belonged to this
roup compared with A. cryaerophilus 1B (20%; 6/30). The
ajority of these 125 Arcobacter strains (76%; n = 95) were

esistant to two antimicrobials (Table 2). Of the 95 Arcobac-
er isolates resistant to two antimicrobials, 83 (77 A. butzleri,

A. cryaerophilus 1A and 3 A. cryaerophilus 1B) com-
ined resistance to azithromycin/clindamycin. Other double
esistances were found for azithromycin/erythromycin (5
. butzleri) and clindamycin/nalidixic acid (5 A. butzleri
nd 2 A. cryaerophilus 1B). Resistance to three antimicro-
ials for Arcobacter was found in 24% (n = 30) of the 125
ultiresistant isolates (or 17.2% of all Arcobacter isolates)

Table 2). The most frequently observed combination was
zithromycin/clindamycin/nalidixic acid, found only in A.
utzleri strains (93.3%; 28/30) (Table 2). The remaining two
atterns of triple resistance contained a single Arcobacter

solate each (Table 2).

For the 215 Campylobacter isolates, 28.4% (n = 61) were
esistant to two or more antimicrobials (Table 2). The high-
st percentage (93.4%) among these 61 isolates was the
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Table 2
Resistance patterns of Arcobacter and Campylobacter isolates resistant to two or more antimicrobials

No. of
resistances

Resistance pattern No. of isolates with resistance pattern

A. butzleri
(n = 116)

A. cryaerophilus
1A (n = 3)

A. cryaerophilus
1B (n = 6)

C. jejuni
(n = 60)

C. coli
(n = 1)

2 AZM, CLI 77 3 3 – –
2 AZM, ERY 5 – – – –
2 CIP, NAL – – – – 1
2 CLI, NAL 5 – 2 – –
2 CLI, TET – – – 3 –
3 AZM, CLI, ERY 1 – – – –
3 AZM, CLI, NAL 28 – – – –
3 CIP, CLI, NAL – – 1 – –
3

A cin; NA
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CIP, NAL, TET – –

ZM, azithromycin; CLI, clindamycin; ERY, erythromycin; CIP, ciprofloxa

ombination of resistance to ciprofloxacin/nalidixic acid/
etracycline (n = 57 C. jejuni). Resistance to ciprofloxacin/
alidixic acid was found in one C. coli strain and resistance
o clindamycin/tetracycline was observed in three C. jejuni
trains.

. Discussion

In this study, the antimicrobial resistance patterns of
rcobacter and Campylobacter isolated from broiler car-
asses in a poultry-processing plant were examined and
ompared. To accomplish this, the NARMS criteria for
ampylobacter were adopted to categorise the isolates of
rcobacter as susceptible or resistant because there are cur-

ently no available data that can be used for the interpretation
f broth microdilution susceptibility testing for Arcobacter.

The total percentage of Arcobacter isolates (93.7%;
63/174) resistant to one or more antimicrobials was only
lightly lower than that of Campylobacter isolates (99.5%;
14/215). However, the Arcobacter isolates were more
iverse than the Campylobacter isolates. Previous work in our
aboratory had shown that many of the Campylobacter strains
ere indistinguishable by pulsed-field gel electrophoresis

7]. Only 0.5% (1/188) of the C. jejuni and none of the C.
oli strains were susceptible to all antimicrobials, whilst 4.3%
6/140) of A. butzleri and 16.7% (5/30) of A. cryaerophilus
B were pan-susceptible.

A high level of resistance in Arcobacter species was found
o azithromycin, although resistance to this macrolide was

uch higher in A. butzleri (81.4%) than in A. cryaerophilus
B (13.3%). Indeed, resistance to azithromycin in A. butz-
eri strains was the second highest among the antimicrobials
ested; the highest resistance for all Arcobacter species
ested in this study was to clindamycin (88.5%), a drug
ecommended as an alternative treatment for Campylobac-

er gastroenteritis in humans [10]. Other authors have
lso reported a high level of resistance to clindamycin
n A. butzleri from human and animal isolates [11]. In
ontrast, resistance to erythromycin was very low in A.

h

i
A

– 57 –

L, nalidixic acid; TET, tetracycline.

utzleri, whilst all the A. cryaerophilus 1A and 1B iso-
ates were susceptible to erythromycin. Compared with the
rcobacter strains, all Campylobacter strains were suscep-

ible to macrolide/lincosamide agents. This indicates that
acrolides/lincosamides can still be considered drugs of

hoice for treating Campylobacter infections, but the decision
o use azithromycin and clindamycin for treating Arcobacter
nfection requires more data from other food animal sources
nd human isolates.

Kassenborg et al. [12] reported that in the USA,
oultry is an important source of domestically acquired
uoroquinolone-resistant Campylobacter infection. How-
ver, a comparison of resistance rates to fluoroquinolones in
he USA since 2000 shows little change between human and
oultry Campylobacter isolates (http://www.fda.gov/cvm/
arms pg.html). In contrast, data for fluoroquinolone resis-
ance in Arcobacter from animal or human disease are
acking. We found that all A. butzleri and A. cryaerophilus
A were susceptible to ciprofloxacin, and only one
. cryaerophilus 1B was resistant to this agent. The
ampylobacter strains had a higher overall resistance to
iprofloxacin (27%) compared with the Arcobacter strains,
lthough C. coli resistance was only 3.7%. Resistance to
alidixic acid was similar both for Arcobacter (20.7%) and
ampylobacter strains (27%). Fera et al. [11] reported that the
uoroquinolones levofloxacin, marbofloxacin, enrofloxacin
nd ciprofloxacin showed good activity against A. butz-
eri and A. cryaerophilus stains, whilst Atabay and Aydin
13] found that all strains of A. butzleri were susceptible to
alidixic acid.

All Arcobacter and Campylobacter strains included in
ur study were susceptible to the aminoglycoside gentam-
cin. Other authors [11] have also reported that Arcobacter
as susceptible to aminoglycosides, including kanamycin,

mikacin, gentamicin and streptomycin. Campylobacter
ejuni and C. coli resistance to kanamycin and streptomycin

as been well documented [5].

To our knowledge, tetracycline resistance in Arcobacter
solates from broiler chickens has not been reported, and all
rcobacter strains in the present study were susceptible to

http://www.fda.gov/cvm/narms_pg.html
http://www.fda.gov/cvm/narms_pg.html


f Antim

t
f
e
l
e
t
c

t
7
t
c
s
o
t
l
s
a
C
a
p

f
r
p
i
a
a
e
a

A

L

c
s

R

[

[

[

I. Son et al. / International Journal o

etracycline. This suggests that tetracycline may be useful
or the treatment of Arcobacter infections in human and vet-
rinary medicine, along with aminoglycosides. However, the
evel of resistance to tetracycline in Campylobacter species
xceeded 99%. A similar high incidence of tetracycline resis-
ance was reported in Taiwan in C. jejuni and C. coli from
hicken products (83% and 90%, respectively) [14].

Most of the A. butzleri strains showing multidrug resis-
ance had resistance to azithromycin/clindamycin (66.4%;
7/116). Accordingly, the predominant resistance pattern
o three antimicrobials in A. butzleri was azithromycin/
lindamycin/nalidixic acid, found in 96.6% (28/29) of these
trains resistant to three antimicrobials and 93.3% (28/30)
f all Arcobacter isolates in this category. In Campylobac-
er, resistance to three antimicrobials was found at a higher
evel than resistance to two antimicrobials and, among
pecies, multiresistance was observed more than eight times
s often in C. jejuni strains (31.9%; 60/188) compared with
. coli (3.7%; 1/27). Resistance to ciprofloxacin/nalidixic
cid/tetracycline was by far the most common multiresistance
attern in the C. jejuni isolates (95%; 57/60).

In conclusion, Arcobacter and Campylobacter strains
rom a poultry-processing plant showed resistance to a
elatively narrow range of antimicrobials. Moreover, the
ercentage of multiply resistant strains was much higher
n Arcobacter than in Campylobacter strains. Long-term
ntimicrobial susceptibility surveillance for Arcobacter
nd Campylobacter isolates is needed to evaluate prop-
rly the effect of antimicrobial usage in food production
nimals.
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